We present a study of a sample of 223 radio loud quasars (up to redshift <0.3) in order to investigate their spectral properties. Twentysix of these radio loud quasars are identified as Flat Spectrum Radio Quasars (FSRQs) and fifty-four are identified as Steep Spectrum Radio Quasars (SSRQs) based on their radio spectral index. We study the [O III] line properties of these quasars to investigate the origin and properties of blue wings (shift of the profile towards lower wavelengths) and blue outliers (shift of the whole spectroscopic feature). Most of the quasars show blue wings with velocities up to 420 km s −1 . We find that around 17% of the quasars show outliers with velocities spanning 419 to -315 km s −1 . Finally, we revisit the M BH − σ relation of our sample using [S II]λ6716, 6731 and [O III] linewidths as surrogates for stellar velocity dispersions, σ, to investigate their location on the M BH − σ relation for quiescent galaxies. Due to strong blending of [S II] with H α , we could estimate σ [SII] of only 123 quasars. We find that the radio-loud quasars do not show a relationship between M BH and σ [SII]/ [OIII] up to a redshift of 0.3, although they cluster around the local relation. We find an overall offset of 0.12±0.05 dex of our sample of radio loud quasars from the M BH − σ relation of quiescent galaxies. Quasars in our highest redshift bin (z=0.25-0.3) show a deviation of ∼0.33 ± 0.06 dex with respect to the local relation.
Introduction
Quasars are classified as radio loud and radio quiet. The radio loudness parameter (R) is conventionally defined as the ratio of the radio luminosity at 5 GHz to the optical luminosity at 4400 Å (Kellermann et al. 1994) . Then 10-15 % of quasars are called radio loud, with R ≥ 10. Radio loud quasars possess powerful radio jets that extend from sub-pc to well outside the galaxy and sometimes to Mpc scales. The remaining sources are radio quiet, with much weaker radio jets that are mostly confined within the host galaxy when they are detected at all (Kellermann et al. 2016; Padovani 2016) .
Radio loud quasars are further divided into compact flat spectrum quasars (α > −0.5) and extended steep spectrum quasars (α < −0.5) where the spectral index α is defined as f ν ∝ ν −α with f ν being the flux density at frequency ν. It has been found that a radio loud quasar consists of a compact central core and two extended lobes. The spectrum of the central core is flat and spectrum of the lobes is steep. Hence, the radio loud quasar appears as a Flat Spectrum Radio Quasar (FSRQ) when it is core dominated and appears as an Steep Spectrum Radio Quasar (SSRQ) when it is lobe dominated. The relativistic beaming model for radio sources unifies core dominated and lobe dominated sources by means of orientation (Blandford & Rees 1979) where core dominated objects are those viewed close to the jet axis, while lobe dominated objects are those viewed at larger angles.
Radio-loud quasars usually have powerful jets. Although the mechanism of jet formation still under debate, it has been proposed that the jet provides substantial feedback that could af-fect the circumnuclear environment, at the galaxy scale and even at larger, galaxy cluster, scales (McNamara & Nulsen 2007) . Recent observations show evidence for AGN (Active Galactic Nuclei) feedback in the form of massive large scale outflows (Fabian et al. 2012; Greene et al. 2012; Scannapieco et al. 2012; Zakamska & Greene 2014) . Also, the discovery of many massive molecular outflows has given support to AGN feedback models (Feruglio et al. 2010; Aalto et al. 2012; Maiolino et al. 2012 ) and found relations between outflow rates and various AGN properties. Cicone et al. (2014) found that outflow rates correlate with the AGN power. The [O III] emission line shows asymmetry and blueshifts, indicating that NLR is undergoing an organized outflow (Zakamska & Greene 2014; Xu & Komossa 2009 ). The [OIII] line profiles are generally characterized by two distinct components. The first component represents the line core, having almost same redshift as that of the host galaxy, while the second component is systematically blueshifted (sometimes redshifted) and has a higher FWHM than the core component. The second component is usually called a Blue Wing (BW) and is associated with a gas outflow in the narrow line region (NLR) (Komossa et al. 2008) . Blue wings are thought to be generated by strong winds in the sources having high Eddington ratios (Proga et al. 2000) . Sometimes, the first component also shows blueshift with respect to their rest frame wavelength (Zamanov et al. 2002) and such sources are called blue outliers (BOs) (Komossa et al. 2008) .
The formation of these BOs are not well understood in AGNs but in radio loud quasars, powerful relativistic jets could possibly interact with the NLR and lead to such BOs. In previous studies, it has been found that larger widths of narrow lines are found in AGNs which have powerful radio jets associated with them (Peterson 1997) . The fast relativistic jet could accelerate the gas and release part of its energy into thermal energy of the surrounding gas (Pedlar et al. 1995) . However, it has been found from simulations (Wagner & Bicknell 2011; Wagner et al. 2012 ) that only powerful jets can affect the gas kinematics in the NLR and hence lead to the generation of BOs.
It is well known that the galaxies having massive bulges contain central Super Massive Black Holes (SMBHs). The studies of the correlation between the mass of the SMBH, M BH , and the host stellar velocity dispersion, σ, which is called the M BH − σ relation, is of fundamental importance to understand the galaxy formation and evolution. Earlier studies found a close connection between the black hole mass and bulge stellar velocity dispersion (Ferrarese & Merritt 2000; Gebhardt et al. 2000; Tremaine et al. 2002; Lauer et al. 2007; Kormendy & Ho 2013; Shen et al. 2015 and references therein) and a close link between the black hole mass and bulge formation and growth (Marconi & Hunt 2003; Haring & Rix 2004; Haehnelt & Kauffmann 2000) .
An updated M BH − σ relation for the local inactive galaxies is given by Kormendy & Ho (2013) for classical bulges/elliptical galaxies as:
.
(1)
The location of Active Galactic Nuclei (AGNs) on the M BH − σ plane of quiescent galaxies is of great importance as it would provide strong constraints on their evolution. Various classes of AGNs, such as narrow-line Seyfert 1 galaxies, radio-quiet, radio-loud quasars, and intermediate SMBH, sometimes were found to be on the relation and sometimes to be off it (Nelson 2000; Boroson 2003; Shields et al. 2003; Grupe & Mathur 2004; Bonning et al. 2005; Salviander et al. 2007; Komossa & Xu 2007; Shen et al. 2008; Gu et al. 2009; Ramya et al. 2011; Woo et al. 2013; Salviander & Shields 2013; Bennert et al. 2014; Subramanian et al. 2016) .
To firmly establish the M BH − σ relation for different samples, accurate and uniform estimations of both M BH and σ are required; however, this is often difficult to achieve. M BH is commonly estimated by combining the measured line width of broad emission lines like Hα, Hβ, Mg II, C IV with the reverberation mapped based empirical relationship between the broad line region (BLR) radius and continuum and/or line luminosity (Kaspi et al. 2000; Greene & Ho 2005; . In AGNs, the nuclei is usually much brighter than the host galaxy itself. Therefore, the fundamental limitation is that the stellar velocity dispersions can not be directly measured, except in a few low luminosity AGNs (Greene & Ho 2005; Shen et al. 2015 and references therein) . Instead of directly measuring σ, the line width of narrow [O III] λ5007 is commonly used as a surrogate for σ (Komossa et al. 2007; Gu et al. 2009; Salviander & Shields 2013 ) . There is a significant correlation between NLR gas and the gravitational potential of bulge of the host galaxy (Nelson 2000) , however the σ [OIII] shows more scatter than the stellar velocity σ on the Faber-Jackson relation (Nelson & Whittle 1996; Bonning et al. 2005; Xiao et al. 2011) .
From previous studies, it has been found that the radio-loud quasars deviate from the M BH − σ relation for quiescent galaxies (Bian & Zhao 2004; Bonning et al. 2005; Bian et al. 2008; Shen et al. 2008; Gu et al. 2009 ). Radio loud quasars mostly settle above the relation, i.e., have larger black hole masses for a given stellar velocity dispersion. In all of this previous work, the[O III] line width is used as surrogate for stellar velocity dispersion, hence can include quasars up to 0.8 redshift. As we know that [O III] line often suffers from asymmetry in the line profile and a strong blue-shifted wing component due to outflows (e.g. Boroson 2005; Bae & Woo 2014) , the uncertainty of this proxy can be very large, as shown by the direct comparison between [O III] line width and the measured stellar velocity dispersion (Woo et al. 2006; Xiao et al. 2011) . This illustrates that in order to use the [O III] line width as a proxy for σ in active galaxies, the blue wing should be properly removed. It has also been proposed that because of the complexity and asymmetry of this line, other low ionization emission lines like [S II] λ6716, 6731, [N II] λ6584,6548 and [O I] λ6300 from the NLR can be used as proxies for σ (Nelson & Whittle 1996; Greene & Ho 2005 ). Because the [N II] line is usually blended with strong Hα (e.g., Zhou et al. 2006) , and [O I] is usually weak, the [S II] line was proposed to be a better indicator of σ (Greene & Ho 2005) .
In this work, we study a sample of radio loud quasars to investigate their spectral properties to address their distributions of black hole mass, Eddington ratios, radio luminosity, etc. By calculating the radio spectral index, we classify the sample of radio loud quasars into FSRQs and SSRQs. We also investigate the spectral properties of [O III] lines of our sample to search if BOs are present in radio loud quasars, and if present, whether relativistic jets are responsible for their production. Finally, we revisit the M BH − σ relation for radio-loud quasars using [S II] and [O III] line widths as surrogates of σ, to investigate their location on the M BH − σ relation for quiescent galaxies. Also, we try to study whether there is difference in the location of FSRQs and SSRQs on the M BH − σ relation; The cosmological parameters, H 0 = 70 km s −1 Mpc −1 , Ω m =0.3, Ω λ =0.7 are used throughout the paper. The sample selection and data reduction are described in Sections 2 and 3, respectively. The results are presented in Section 4, while a discussion and our conclusions are given in Section 5.
Sample Selection
We select our sample of radio-loud quasars from the Sloan Digital Sky Survey (SDSS) Data Release (DR10) quasar catalogue, which consists of 105,783 bonafide quasars brighter than M i = −22.0 and has at least one broad emission line width larger than 1000 km s −1 (Schneider et al. 2010) . SDSS optical spectra cover the wavelength range 3800−9200 Å with a spectral resolution of ∼ 1850 − 2200 (i.e. Schneider et al. 2010 ). The radio flux densities at 1.4-GHz are tabulated from the Faint Images of the Radio Sky (FIRST) radio catalogue (Becker, White & Helfand 1995) and the radio-loudness parameter R = f 6 cm / f 2500 then estimated, where f 6 cm and f 2500 are the flux densities at 6 cm and 2500 Å at the rest frame of the source, respectively (see details in Shen et al. 2011) .
We select radio loud quasars with redshift z ≤ 0.3 based on the criteria that R ≥ 10 as given in Shen et al. (2011) . In estimating R, we compute the 5 GHz flux density from the FIRST integrated flux density assuming a power law slope of 0.5 as done in Shen et al. (2011) . This radio loudness calculation can be questioned as the effect of relativistic beaming affects both radio and optical emission, especially for FSRQs, and can do so differentially. However, an accurate correction for an individual object is rather difficult.
Due to flux limit of FIRST (1 mJy), some radio-loud quasars may not be found through cross matching, causing biases against high-z sources. In order to check this bias, we plot percentage of sources detected by FIRST i.e. (Sources detected with FIRST/Total sources observed in that redshift range) along the redshift, to see whether the fraction is decreasing with increasing redshift. It can be seen from Figure 1 . that there is no correlation between percentage of sources detected with FIRST versus redshift (upto z=0.3). Hence, it is difficult to conclude that the sample is biased against more distant objects. Also, in order to check whether the sources which are non detected by FIRST are indeed at R<10, we calculated upper limits of radio loudness (R) of non-detected sources by measuring F 5GHz using the limiting flux of FIRST (i.e. 1mJy). We found that all the sources have radio loudness less than 10.
We know that [S II] lines are lower ionization lines and need a high signal-to-noise ratio to decompose them. Therefore, we extract only those quasars which have mean S/N >10. These two steps resulted in a sample containing 230 quasars. In many spectra, the [S II] lines are strongly blended with Hα emission line, hence we could estimate σ [S II] of only 123 quasars. Since most broader Hα profiles are associated with more massive quasars, which could lead to a selection bias in the way that we probably excluded some of the most massive galaxies. In radio loud quasars, broader Hα profiles affect the estimation of [S II] line widths. Hence, we also estimate [OIII] line widths for the whole sample. We exclude 7 spectra upon visual inspection due to spectral defects in the region of [OIII], hence we are left with a total of 223 spectra. Only 80 quasars out of these 223 quasars have well measured 5 GHz flux densities that allow us to determine uniform radio spectral indices; for them we obtained the 5 GHz fluxes by cross-correlating with the Green Bank 6cm (GB6) catalogue (Gregory et al. 1996) . From this useful subsample, 26 quasars are identified as flat-spectrum radio quasars (FSRQs) with α 1.4−5GHz ≤ 0.5, and 54 objects as steep-spectrum radio quasars (SSRQs) with α 1.4−5GHz > 0.5. 
Spectral Analysis
The SDSS spectra are corrected for Galactic extinction using the reddening map of Schlegel, Finkbeiner & Davis (1998) . These spectra are then shifted to their rest wavelength by adopting redshift from header of the SDSS spectra. In order to fit the powerlaw continuum, we choose the wavelength range that is not affected by prominent emission lines. We use the optical Fe II template from Veron-Cetty et al. (2004) which covers the wavelength range of 3535 − 7534 Å. The continuum and Fe II components are fit on the line-free spectral windows by minimizing χ 2 , and are then subtracted from the spectra (see details in Chen et al. 2009 ). In our sample of radio loud quasars, the nucleus is relatively bright with respect to the host galaxy, hence we are ignoring the host galaxy contribution to the spectrum.
In order to estimate flux and velocity dispersion of [S II] and [O III] from the continuum subtracted spectra, we fit local regions around Hα and Hβ following the procedure of Shen et al. (2011) . For Hα, we fit the wavelength range of 6000 − 7180 Å. The narrow components of Hα, [N II] λλ 6548, 6584, [S II] λλ 6717, 6713 are modeled with a single Gaussian profile and their line widths were tied to the same. The flux ratio of [N II] doublets are fixed to be 2.96 (Osterbrock et al. 1989 ). Following Hao et al. (2005) , we impose an upper limit on the line width of narrow components, FWHM < 1200 km s −1 . The broad Hα component is modeled with multi-Gaussian components, i.e., starting with a single Gaussian with FWHM > 1200 km s −1 up to three multiple Gaussians, each with FWHM > 1200 km s −1 . New Gaussian components are added one at a time if they lead to a reduction of > 20% in χ 2 following Xiao et al. (2011) . Generally, one or two Gaussians are sufficient to fit the broad Hα profile. However, quasars with asymmetric, double peaked profiles, or very broad wings, require more than two Gaussian components.
Similar fitting is performed for Hβ and [O III] lines in the wavelength range 4200 − 5300 Å. Each of the [O III] λλ 4959,5007 line is model by a double Gaussian model, i.e., a core (with higher flux) and a mostly blue shifted wing component (with lower flux) (e.g. Heckmann et al. 1981; Greene & Ho 2005; Komossa et al. 2008) . The FWHM of narrow Hβ line is tied to that of the [O III] core, with an upper limit of 1200 km s −1 . The flux ratio of [O III] λ4959 to [O III] λ5007 is constrained to be 1:3 (Osterbrock 1989) . As for Hα, the broad Hβ component is model with multi-Gaussian components (up to three), each with FWHM > 1200 km s −1 . In adding new Gaussian component, we followed the method adopted in Greene & Ho (2005) , Section 3.2. Also, we manually check the fiting results of some spectra using F-test while adding new Gaussian components and found that F-test values are significant when new χ 2 lead to a reduction of > 20%. Hence, we adopted this more stringent criterian to make the fitting model more simple and a new Gaussian profile is added only if χ 2 is reduced by > 20% (Xiao et al. 2011) . Another method to fit the asymmetric profiles of Hβ component is to use a Gauss Hermite series (van der Marel & Franx 1993). The broad component of Hβ line are fit using a sixth order Gauss Hermite series. More details are given in Park et al. (2012) . We fit a few quasars in our sample using this method and find that both methods yield very similar results (Shen et al. 2011) .
Asymmetric profiles are clearly seen in [O III] but not detected in [S II] profiles. We use MPFITFUN of IDL to fit the emission lines employing GUASS1 program. The parameters need to be fit for each Gaussian are centroid, peak value and sigma. To estimate uncertainties in the measured quantities from Single Epoch spectra, we generate 100 mock spectra by adding Gaussian noise to the original spectrum using the flux density errors. Then, we fit these simulated spectra using the fitting procedure described above. We estimate the standard deviation of the distribution of measurements from these 100 simulated spectra as the measurement uncertainty. Uncertainties on fluxes are estimated by adding errors of peak and sigma in quadrature. 
Results

Black hole mass estimation
Black hole masses are derived using different methods in the literature (i.e. Czerny & Nicolajuk 2010; Shen 2013, for recent reviews). For quiescent galaxies, M BH are estimated through sim-ulations of galaxy stellar dynamics (e.g., Gebhardt et al. 2000) . For AGN, the reverberation mapping method is most accurate for measuring M BH (Blandford & McKee 1982) . This method assumes that the BLR (Broad emission Line Region) is virialized and the motion of the emitting clouds is dominated by the gravitational field of the Supermassive BH (e.g. Ho 1999; Wandel et al. 1999) , i.e.
where G is the gravitational constant, R BLR is the radius of the BLR, V BLR is the rotational velocity of the ionized gas and f is a dimensionless factor that accounts for the unknown geometry and orientation of the BLR. When the continuum flux, which arises from the accretion disc or very close to it, varies with time this is later echoed by changes in flux of the BLR, assuming that the BLR is powered by photoionization from the central source. Therefore, R BLR is obtained by cross-correlation of the light curves which provides the time delay between the continuum variations and the BLR variations. V BLR is estimated from the width of the Doppler broadened emission lines. This reverberation mapping technique requires high quality spectrophotometric monitoring of AGNs over an extended period of time.
Values of M BH for over 50 AGNs have been estimated using this method (Kaspi et al. 2000; Bentz et al. 2009 ). The uncertainty in the M BH calculation through reverberation mapping method is between 0.4-0.5 dex (Shen 2013 ). The single-epoch virial methods assume that the BLR gas is virialized and follows the radius-luminosity relation of the form R BLR ∝ L α . The coefficients of this relation are determined from estimates of a sample of AGNs for which reverberation mapping data is available. V BLR in this method is estimated from the FHWM of broad Hα or Hβ emission lines. R BLR is estimated using the monochromatic continuum luminosity of the host galaxy at 5100 Å. As the continuum luminosity is correlated with L Hα and L Hβ (Greene & Ho 2005) , the mass of the black hole can be estimated using FWHM and luminosities of either of the Balmer lines. Greene & Ho (2005) provide equations for the SMBH masses in terms of the Hα and Hβ lines:
and
The FWHM of the combined profile of broad Hα is usually used to calculate the black hole mass because it normally has higher S/N compared to Hβ. The empirical relation between the radius of the BLR and the continuum luminosity at 5100 Å is also generally used to estimate the black hole mass (e.g., Kaspi et al. 2000) . In radio-loud quasars, the optical continuum could be subjected to contamination by synchrotron radiation from relativistic jets that could be partly beamed, particularly in FSRQs. Under such circumstances, the optical continuum could be boosted due to the non-thermal jet emission which could overestimate the true thermal component, in turn systematically overestimating the black hole masses (Kaspi et al. 2000; Greene & Ho 2005; Chen et al. 2009 ). This is illustrated in the relationship between the 5100 Å continuum luminosity L 5100 and broad Hα luminosity L Hα in Fig. 3 . The solid line represents relation of L Hα -L 5100 given by Greene & Ho (2005) derived for radio-quiet AGNs. While many quasars follow the relation of radio-quiet AGNs, a significant number of quasars lie below the line with a larger L 5100 at fixed L Hα than radio-quiet AGNs. This is likely due to contamination of non-thermal jet emission continuum luminosity in L 5100 .
Besides the contamination of the jet emission to the continuum emission, the estimation of black hole masses may also be affected by BLR geometry. It has been argued that the BLR in radio-loud AGNs can have a more disc-like geometry (Wills & Browne 1986; Vestergaard, Wilkes & Barthel 2000) . In this scenario, for smaller jet viewing angles, narrower broad lines will be observed, and thus the black hole masses will be underestimated. This should be a particular issue for FSRQs, where the jet is moving toward us at a fairly small viewing angle (Jackson & Wall 1999; Lacy et al. 2001; McLure & Dunlop 2002) . Normally, it is difficult to correct the BLR inclination for each source, as we normally do not have information of their orientation (Shen & Ho 2014) .
Therefore, in our sample of radio-loud quasars, we estimate M BH using the empirical relation which utilizes the FWHM and luminosity of Hα. A newer empirical relation to calculate the black hole mass using the line width and luminosity of broad Hα line is given by Reines, Greene & Geha (2013) . They updated equation (4) of Greene & Ho (2005) using the modified radio luminosity relationship of Bentz et al. (2013) . The modified empirical relation is as follows:
where ǫ is the scale factor that depends on BLR geometry and spans a range of ∼ 0.75 − 1.4 (e.g. Onken et al. 2004; Grier et al. 2013) . Here, we assumed ǫ =1.
Shen (2013) estimated the uncertainty in the calculation of black hole mass using the single-epoch (SE) virial BH mass estimators and found that the dominant uncertainty in log M BH is the systematic uncertainty which can be ∼0.5 dex.
The BLR luminosity L BLR is derived following Celotti, Padovani & Ghisellini (1997) by scaling the strong broad emission lines H β to the quasar tempelate spectrum of Francis et al. (1991) , in which Ly α is used as a flux reference of 100. From the BLR luminosity, we estimated the disc bolometric luminosity as L Bol =30 L BLR (Xu, Cao & Wu 2009 ). The bolometric luminosity of our sample of quasars varies between log(L bol )=44.69-46.38 (±0.005) (erg s −1 ). Black hole masses, radio loudness and Eddington ratio distributions of the whole sample of quasars, as well as those identified as FSRQs and SSRQs are shown in the top and bottom panels of Fig 4. Black hole masses range between 10 6 to 10 9.5 M ⊙ for the whole sample. The black hole masses of FSRQs range between 10 7.38 to 10 9.40 M ⊙ while the range is 10 6.37 to 10 9.45 M ⊙ for SSRQs. However, as mentioned above, due to the presence of systematic uncertainty of ∼0.5 dex in M BH estimation, there is likely no significant difference between the M BH ranges quoted for flat-spectrum and steep-spectrum quasars. The logarithms of the radio loudness parameter of FSRQs range between 1.044 to 3.814 and of SSRQs between 1.011 to 4.340. The Eddington ratio log(L Bol /L Edd ) values for FSRQs are between -2.292 to -0.251 and while SSRQs are found between -2.411 to -0.519. The Komossa et al. (2008) for Narrow line Seyfert galaxies, a source is defined as a blue outlier (BO) when its velocity, v [OIII] < −150 km s −1 . In some of the quasars, [O III] lines are shifted towards higher wavelength and those are called red outliers. The measurement of velocity shifts of [O III] profiles should be done relative to the galaxy rest frame which is usually found by measuring stellar absorption features. However, in our sample of AGNs, these are very weak or absent. The redshift is also provided by the SDSS pipeline from which it is determined based on all strong emission lines. Hence, it could influence the velocity shift of [O III] profiles. Therefore, we measure the redshift based on the narrow lines of H β . In our sample of radio loud quasars, 31 quasars are blue outliers whereas 7 of the quasars are red outliers. Hence, around 17 % of the quasars in our sample show outliers. In previous studies of Narrow Line Seyfert 1 galaxies (NLS1s), Zamanov et al. (2002) and Komossa et al. (2008) found that they occur in between 4 -16 %. The outlier velocities attained by these quasars lie between 419 to −315 km s −1 .
Strong turbulence in the NLR possibly leads to such outliers. Also, radio luminosity might affect the gas kinematics in such a way that powerful relativistic jets can be linked with the outliers' velocites (Tadhunter et al. 2001; Nesvadba et al. 2008) . Here, we investigate whether the shift of [O III] is clearly connected to the accretion rate of radio loud quasars. We search for correlations of v c with respect to M BH , L rad , the Eddington Ratio and L [OIII]core ; these are shown in Fig 5. The solid line represents the minimal value for outliers which is −150 km s −1 as defined in Komossa et al. (2008) for NLS1s. It can be seen from the panels that no significant correlation is present among these quantities.
The velocity of the wing component, v w , is calculated with respect to the core component. All of the quasars in our radio loud sample show blue wings with velocities up to 420 km s −1 . A substantial subset (51) of the quasars also show red wings with velocities up to −316 km s −1 . We searched for a correlation between velocity of wing component with respect to the Eddington ratio, as these are thought to originate in outflows induced by high Eddington ratios (Komossa et al. 2008) . Also, we test correlations of v w with respect to M BH , L rad and FWHM [OIII]core . Results are shown in Fig 6. We do not find any significant correlation between these quantities. We then separated outliers from regular sources and searched if a correlation is present between these quantities. Only a weak correlation (r=0.236 with p=0.0092) was found between v w and FWHM [OIII] c for outliers in our sample, which indicates that a turbulent outflow is generated in the gas and this turbulence results in a high FWHM [O III] core.
Also, we find a weak correlation between L 1.4GHz and the luminosity of the [O III] core, L [OIII],core with a Spearman correlation coefficient of r s = 0.253 at confidence level 99.6% (see Fig. 7) ; this indicates a possible relation between radio jets and NLR. After removing the common dependence on redshift using partial correlation analysis, we still find correlation value of p s = 0.225 at confidence level 98.9%. This could be explained by the shock excitation model where the NLR emission could be powered by radio-emitting jets (Bickell et al. 1997; Melendez et al. 2008) . The flux limit of GB6 is much higher than that of FIRST, therefore, the source classification, especially those steep-spectrum objects, is heavily biased towards objects with high flux density at 1.4 GHz. This probably explains the pre- It has been found in previous studies (Mullaney et al. 2013 ) that the radio luminosity has influence on the [O III] line profile. In order to investigate this effect, we performed a correlation analysis between L 1.4GHz and the FWHM of the core component, FWHM [OIII] ,core . However, we do not find any significant correlation between these quantities.
We also calculate the R5007 parameter which is defined as the ratio between [O III] λ5007 line and the whole H β flux. Since, H β is formed in inner part of BLR and [O III] is formed in NLR, this ratio could be used to evaluate whether the jet interaction is different in BLR and NLR. We therefore searched for a possible correlation between R5007 and wing velocity, as fast [O III] wings lead to a reduction of the covering factor in the NLR, which leads to a reduction of flux of [O III] lines. But for our sample of radio loud quasars we do not find a significant correlation between these quantities. (2013) for late type galaxies are also shown in the figure using black, red and blue solid lines respectively.
It is clear from the figure that the radio-loud quasars of our sample do not show any correlation between M BH and σ, although they do cluster around the relation for local inactive galaxies, albeit with some outliers.
In order to find the overall offset of our sample of radio loud quasars from the local relation of inactive galaxies, we fit the log M BH as a function of log σ * :
Here y = log(M BH /M ⊙ ), x = log(σ * /200 km s −1 ), α and β are the slope and intercept of the regression, respectively. In order to perform the linear regression, we adopted two methods: 
where α and β are the regression coefficients, σ x and σ y are standard deviation in measurement errors, and ǫ 2 int is the intrinsic variance. The value of ǫ int is iteratively adjusted as an effective additional y error by repeating the fit until one obtains χ 2 /(N − 2) = 1 (i.e., following the suggested iterative procedure given in Bedregal et al. 2006 and Bamford et al. 2006 ). If after the initial iteration, the reduced χ 2 is less than one, then no further iterations occur and one sets ǫ int = 0. ǫ properly accounts for the intrinsic scatter thus the best-fit slope is not biased due to a few points with small measurement errors (e.g., see the discussion in Tremaine et al.2002) . We only consider the measurement errors of log M BH and σ in the fit and thus the intrinsic scatter ǫ includes the contribution from the systematic errors in log M BH and σ. We also tried adding the systematic errors on both log M BH and σ but did not find significantly different results of slopes and intercept (also found in Shen et al. 2015) .
We do not find any correlation between M BH and σ likely due to systematic uncertainties on both parameters, but there is Fig. 10 . M BH -σ [OIII] relation of radio-loud quasars using the formalism of Wang et al. (2009) and is given in equation (9). FSRQs, SSRQs and Unclassified radio loud quasars are represented by red, blue and black symbols, respectively. Black, red and blue line represents the M BH -σ relation of quiescent galaxies by Kormendy & Ho (2013 ), Tremaine et al. (2002 and McConnell & Ma (2013) , respectively. clustering of points around the local relation. In order to find the overall offset of our sample of radio loud quasars with respect to the local relation, we follow the approach of Sheinis & Lopez-Sanchez (2017) and fix α (to the slope of KH13) in our regressions. The results of the regression are summarized in Table 1 . We estimate our results with the alternative regression method which uses the Bayesian linear regression routine, linmix err, developed by Kelly (2007) . It is available in the NASA IDL astronomy user's library 2 . We do not find significantly different results for slope and intercept using these two methods and therefore quoting results of regression from the previous one.
In this regression analysis, we fix α = 4.38 (the slope of the KH13 relation) and leave the intercept as a free parameter. The results of this regression for σ of [S II], [O III] and for various redshift bins are provided in Table 1 . It can be seen that while using [SII] lines as σ * , the radio loud sample shows intrinsic scatter of 0.74 around the local relation with intercept of 8.41. But, the sample consisting of σ [S II] involves selection bias because we removed most broader H α profiles where [S II] lines were blended. Hence, for such quasars, [S II] line widths could not be calculated and are removed from the sample. For the sample consisting of [OIII] line width, intrinsic scatter decreases to ∼0.60 with an overall deviation of ∼0.12 ±0.05 dex from the local relation. However, if we take into account the systematic uncertainties on M BH and σ, these deviations would not be significant. Our results are in accordance with the previous studies where it has been found that M BH − σ relation for active galaxies appear to be flatter than for quiescent galaxies (Woo et al. 2013; Shen et al. 2015) . It is argued in Shen et al. (2015) that the flattening of the M BH − σ relation of active galaxies at high redshift is due to the various selection biases which lead to the sample containing more luminous and massive systems. This shifts the most massive black holes above the quiescent galaxy relation (Woo et al. 2015; Salviander & Shields 2013; Brotherton et al. 2015) and hence the M BH − σ relation for quasars in individual samples may change with redshift. In order to check the offset of our sample of M BH −σ relation from quiescent galaxies at different redshifts, we divided whole sample into three redshift bins i.e. 0.1-0.2, 0.2-0.25 and 0.25-0.3 in such a way that nearly equal numbers of quasars fall in each bin. It can be seen from the parameters in Table 1 that there is significant offset of ∼0.33± 0.06 dex for the quasars lie in highest redshift bin (0.25-0.3). Intrinsic scatter decreases as we move from lowest to highest bin.
Comparison of M BH with alternate method
In Section 3.1, we used the empirical relation of Reines, Greene & Geha (2013) to calculate the virial black hole mass. As mentioned in section 3.1, it is based on the methodology outlined in Greene & Ho (2005) , but derived with modified radiusluminosity relationship of Bentz et al. (2013) . As compared to M BH estimation using equation (4) of Greene & Ho (2005) , this modification of radius-luminosity relation causes an increase in the estimation of M BH by a factor of ∼ 1.6. Estimated black hole mass range lies between M BH = 10 7.1 -10 9.2 M ⊙ (in section 4.1). Wang et al. (2009) presented a new formalism of the empirical relation using Hβ lines and the updated BH mass measurements from reverberation mapping. This new formalism has shown improved internal scatter between the single-epoch estimators and the mass estimators based on reverberation mapping, but systematically deviates from some of the commonly used M BH estimators in the literature. It involves M BH ∝ FWHM 1.09 instead of M BH ∝ FWHM 2 commonly used in the literature, which gives progressively higher and lower M BH values towards the low and high mass ends, respectively. Collin et al. (2006) also gives results consistent with those that of the Wang et al. (2009) formalism over a relatively large mass range. Hence, the discrepancy between previously used mass estimators and Wang et al. (2009) arises because of the use of more recently recalibrated and updated reverberation mapping M BH measurements from literature (i.e. Bentz et al. 2007; Grier et al. 2008 ) and use of best fitting value of γ instead of fixing γ =2 in M BH ∝ FWHM γ . In order to check whether this systematic bias described by Wang et al. (2009) can affect the intrinsic scatter in M BH estimation of our radio-loud sample, we re-estimated the M BH of our sample using the formalism of Wang et al. (2009) , which is as follows: log( M BH M ⊙ ) = 7.39 + 0.5 log L(5100) 10 44 erg s −1 + 1.09 log FWHM(Hβ) 10 3 km s −1 . (9)
The use of line luminosity and FWHM of Hα are better in estimating M BH of radio loud quasars (due to the reasons mentioned in section 3.1). Therefore, to transform equation (9) into the line luminosity and FWHM of Hα, we used the empirical relations provided by Greene & Ho (2005) between the FWHM of Hα and Hβ, and between the broad Hα luminosity and continuum luminosity at 5100 Å, L 5100 and put them in equation 9. FWHM(Hβ) = 1.07 × 10 3 ( FWHM(Hα) 10 3 km s −1 ) 1.03 km s −1 (10)
L Hα = 5.25 × 10 42 ( L 5100 10 44 erg s −1 ) 1.157 erg s −1 (11) By putting the above relations in Equation (9), we get the formula as below: log( M BH M ⊙ ) = 7.11 + 0.43 log L(Hα) 10 42 erg s −1 + 1.12 log FWHM(Hα) 10 3 km s −1
Now we reestimate M BH using equation (12) and we replot the M BH − σ relation using these newly estimated M BH values in Fig. 10 . The M BH range is slightly reduced to 10 7.1 -10 8.8 M ⊙ . It can be seen that the scatter is indeed reduced, as pointed out by Wang et al. (2009) . However, we find that the newly estimated M BH values do not change our main results.
Biases and uncertainties
The intrinsic scatter along vertical direction in the M BH − σ relation of radio loud quasars can be partly accounted by the uncertainties in estimation of the black hole masses, which can be under-or over-estimated due to the BLR geometry and Doppler boosting, respectively. The Doppler boosting effect has been avoided by replacing continuum luminosity with the line luminosity in BLR radius-luminosity empirical relation. Similar black hole mass distributions between FSRQs and SSRQs shows that the BLR geometry effect may not be severe in our sample. Besides these two effects, the single-epoch virial BH mass estimators are still subject to a number of uncertainties that are propagated from the measurement errors in FWHM and line luminosity and different methods adopted to estimate line widths and luminosities, leading to various discrepancies (Shen et al. 2008) ; however, the dominant uncertainty is the systematic uncertainty which is ∼0.5 dex (Shen 2013) .
Uncertainty is also present in the estimation of σ. As pointed out earlier that the FWHM of [S II] and [O III] emission lines are used as a surrogate for stellar velocity dispersion σ. These lines are used as σ in previous studies to explore M BH −σ relation (i.e., Gu et al. 2009; Salviander & Shields 2007; Brotherton et al. 2015 and references therein) , finding large scatter. The uncertainty of this substitution is large as shown by the direct comparison between [O III] line width and the stellar σ (Xiao et al. 2011; Woo et al. 2016; Sheinis et al. 2017) . For type 2 AGNS, Woo et al. (2016) found an uncertainty of 0.19 dex in the direct comparison of [O III] line width and σ. The actual uncertainty for the above substitution is not known for radio-loud quasars, hence, we are assuming a lower limit of 0.19 dex in the substitution of σ [OIII] . Along with these uncertainties, the estimation of σ [OIII] can also be influenced by the outflows which can be noticed through a moderate correlation between the σ [OIII] and the velocity width of the outflowing gas (shown in Fig. 11 ). Now we discuss the other potential biases (apart from uncertainties in the measurements of M BH and σ) that could lead to the observed intrinsic scatter in our sample of radio loud quasars. This includes the intrinsic scatter in the M BH −σ relation of inactive galaxies of 0.31 dex for early type galaxies and 0.44 dex for all galaxy types, based on the locally observed sample of galaxies (Gultekin et al. 2009 ). However, the magnitude of intrinsic scatter in the M BH − σ relation of AGN samples are not known. Salviander et al. (2007) simulated the effect of Malmquistlike bias which arises from correlations between quasar luminosity, M BH and redshift. Also, Lauer et al. (2007) suggested that because there is intrinsic scatter in the M BH − σ relation, the samples selected based on a threshold in quasar luminosity will preferentially select over-massive BHs with respect to the stellar velocity dispersion. Shen & Kelly (2010) and Shen (2013) found that because single epoch virial mass estimates depend on luminosity, quasar samples with high threshold luminosity are biased towards high virial masses. Shen & Kelly estimate a bias of 0.2−0.3 dex in M BH for L bol > 10 46 erg s −1 . Recently, Shen et al. (2015) performed simulations to show that these biases lead to a flattening in the slope of M BH − σ relation as the undermassive BHs are more easily lost due to their high luminosity threshold. The effects of the above mentioned statistical biases are more severe at high redshifts.
Discussion & Conclusions
In this work, we studied a sample of 223 radio loud quasars out to z < 0.3. We investigate their black hole mass, radio luminosity and Eddington ratio distributions. We calculated the radio spectral indices and were able to classify 26 of the quasars as FSRQs and 56 as SSRQs.
We investigate the [O III] properties of our radio loud sample and find that around 17% of these quasars show outliers. The typical velocity attained by these outliers lies between 419 to −315 km s −1 . These outliers are thought to originate either from strong turbulence in the NLR or the influence of powerful relativistic jets. But, we do not find any significant correlation of velocity shift of [O III] with respect to L 1.4GHz , Eddington ratio, etc. Also, all the [O III] profiles have shown blue wings with velocities up to 420 km s −1 . Blue wings are also believed to originate in outflows that are induced by high Eddington ratio but we do not find any significant correlation between these quantities.
Correlation between L 1.4GHz and L [OIII]core indicates a possible relation between radio jets and NLRs. We find only a weak correlation between these quantities.
It is found that quasars having broader σ [OIIIcore] are associated with high outflow velocity fields. Hence, the effect of out-flows could influence the true estimation of σ [OIII] by broadening the [O III] line profiles (Dopita & Sutherland 1995; Nelson & Whittle 1996; Komossa & Xu 2007) .
We revisit the M BH − σ relation for our sample of radio-loud SDSS quasars using [OIII] and [SII] λ6716, 6731 σ as surrogate for stellar velocity dispersion. We find that the radio-loud quasars do not show a relationship between M BH and σ which is expected due to the systematic uncertainties on them (mentioned above) but instead cluster around the M BH − σ relation for inactive galaxies.
Some recent works have shown that the M BH − σ relation for active galaxies appear to be shallower/flatter than for inactive/quiescent galaxies (Woo et al. 2013; Shen et al. 2015) . Both the studies involve measurement of stellar absorption features to calculate the stellar velocity dispersion. Woo et al. (2013) found different slopes of M BH − σ relation for quiescent and active galaxies which could be due to the real physical difference of BH-galaxy coevolution. However, Shen et al. (2015) also found flattening of the M BH − σ relation of active galaxies at high redshift but they argued it could be due to the various selection biases and BH mass uncertainties in luminosity-threshold quasar samples. As the redshift increases, most of the selection criteria lead to the sample containing more luminous and massive systems which shifts the most massive black holes above the quiescent galaxy relations (Woo et al. 2010; , Salviander & Shields 2013 , Shen et al. 2015 Brotherton et al. 2015) and hence the M BH − σ relation of quasars in individual samples may change with redshift. Our sample is restricted to z ≤ 0.3 since [S II] was used. We find an overall offset of 0.12±0.05 of our sample of radio loud quasars from the local relation of quiescent galaxies. When the quasars in highest redshift bin (0.22-0.3) are considered, an overall offset of 0.33±0.06 is found. These results are used with caution as systematic uncertainties are not taken into account while calculating them. A detailed study of the M BH − σ relation of radio-loud quasars at higher redshift is required, which will be done in our future work. We are grateful to the anonymous referee for his/her insightful comments. We are indebted to Prof. Gregory Shields 
